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Dynamic filtration systems and associated methods are dis 
closed herein. In one embodiment, for example, a filtration 
system can include a filter device having a body portion 
positioned between first and second end portions and a filter 
media in a cavity defined by the body portion. The filter media 
can be configured to filter a predetermined Substance from a 
ferrofluid. The filter device can further include a coil at the 
body portion, a first magnetic plate proximate the first end 
portion and a second magnetic plate proximate the second 
end portion. The coil can generate a first magnetic field across 
the body portion, and the first and second magnetic plates 
interact to form a second magnetic field across the body 
portion. The first and second magnetic fields can be config 
ured to drive filtration of the ferrofluid. 
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1. 

DYNAMICFLTRATION SYSTEMAND 
ASSOCATED METHODS 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application claims the benefit of and priority to U.S. 
Provisional Application No. 61/523,228, filed Aug. 12, 2011, 
entitled, “DYNAMICFILTRATIONSYSTEMAND ASSO 
CIATED METHODS,” which is incorporated herein by ref 
erence in its entirety. 

TECHNICAL FIELD 

The present technology relates generally to filtration sys 
tems and, more particularly, to dynamic filtration systems and 
associated methods. 

BACKGROUND 

Filtration systems can be used to intercept and remove 
particles or substances from a fluid. Many such filtration 
systems are typically configured to remove a specific con 
taminant (e.g., Sulfur) or configured for use with a certain type 
of fluid (e.g., liquid versus gas, oil versus water). Accord 
ingly, there is a need to provide filtration systems that can be 
adapted to filter a variety of different fluids and remove a 
variety of different contaminants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective front view of a dynamic filtration 
system configured in accordance with an embodiment of the 
present technology. 

FIG.1B is an isometric view of a filter device configured in 
accordance with an embodiment of the present technology, 
and FIG.1C is an isometric cut-away view of the filter device 
of FIG. 1B. 
FIG.1D is an enlarged view of a magnetic plate used in the 

filter device of FIGS. 1B and 1C and configured inaccordance 
with an embodiment of the present technology. 

FIG. 2 is an isometric view of a dynamic filtration system 
having a reservoir configured in accordance with an embodi 
ment of the present technology. 

FIGS. 3A and 3B are partially transparent isometric views 
of a filter device configured in accordance with another 
embodiment of the present technology. 

FIG. 4A is a partially transparent isometric view of a filter 
device configured in accordance with a further embodiment 
of the present technology, and 

FIG. 4B is a partially transparent isometric view illustrat 
ing internal features of the filter device of FIG. 4A. 

FIG. 5 is an isometric view of a dynamic filtration system 
having a plurality of filter devices arranged in parallel in 
accordance with an embodiment of the present technology. 

FIG. 6 is an isometric view of a dynamic filtration system 
including a plurality of filter devices arranged in series in 
accordance with an embodiment of the present technology. 

FIG. 7 is a partially transparent isometric view of a 
dynamic filtration system configured in accordance with yet 
another embodiment of the present technology. 

DETAILED DESCRIPTION 

The present disclosure is directed toward dynamic filtra 
tion systems and associated methods. Several embodiments 
described below are directed toward dynamic filtration sys 
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2 
tems including, for example, a filter device that utilizes a 
permanent magnetic field and an induced magnetic field to 
drive filtration of ferrofluids and separate contaminants or 
other substances from ferrofluids. The magnetic fields and the 
filter media can both be adjusted to filter a wide variety of 
Substances, making the dynamic filtration system adaptable 
to various waste streams. As used herein, the term “ferrofluid 
refers to fluids that become magnetized in the presence of a 
magnetic field. The term “fluid is to be interpreted broadly 
throughout the specification and can include, for example, 
liquids, gases, plasmas, and/or solutions, some of which may 
include solid particles dispersed throughout the fluid. Addi 
tionally, several embodiments described herein refer to filter 
ing contaminants from a fluid. The term “contaminant refers 
to any substance being removed from a fluid by the filter 
media. 

Certain details are set forth in the following description and 
in FIGS. 1A-7 to provide a thorough understanding of various 
embodiments of the disclosure. However, other details 
describing well-known structures and systems often associ 
ated with filters, filter media, and/or other aspects offiltration 
systems are not set forth below to avoid unnecessarily obscur 
ing the description of various embodiments of the disclosure. 
Thus, it will be appreciated that several of the details set forth 
below are provided to describe the following embodiments in 
a manner sufficient to enable a person skilled in the relevant 
art to make and use the disclosed embodiments. Several of the 
details and advantages described below, however, may not be 
necessary to practice certain embodiments of the disclosure. 

Reference throughout this specification to “one embodi 
ment” or “an embodiment’ means that a particular feature, 
structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment of the 
present disclosure. Thus, the occurrences of the phrases "in 
one embodiment' or “in an embodiment” in various places 
throughout this specification are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, or characteristics described with reference 
to a particular embodiment may be combined in any Suitable 
manner in one or more other embodiments. Moreover, the 
headings provided herein are for convenience only and do not 
interpret the scope or meaning of the claimed disclosure. 

FIG. 1A is a perspective front view of a dynamic filtration 
system 100 (“system 100') including a filter device 110 con 
figured in accordance with an embodiment of the present 
technology, and FIGS. 1B and 1C are isometric and isometric 
cut-away views, respectively, of the filter device 110 of FIG. 
1A. Referring first to FIG.1A, the system 100 can include one 
or more passageways 102 (e.g., tubing, piping, etc.) that feed 
an unfiltered fluid to the filter device 110 and transfer a 
filtered fluid away from the filter device 110. The passage 
ways 102 can be made from materials that are suitable for 
transporting fluids, such as plastics (e.g., PE, PP. PTFE, PFA, 
CPVC, PVC), metals (e.g., copper), and/or other suitable 
plumbing materials. Valves 104 can be positioned on or in the 
passageways 102 to regulate fluid flow to, from, and through 
the filter device 110 and direct fluid toward and away from the 
filter device 110. The valves 104 can be any of a number of 
conventional fluid regulation valves, such as ball valves, gate 
valves, check valves, pinch valves, etc. 

Referring to FIGS. 1A-1C together, the filter device 110 
can include a canister, cartridge, or housing 112 having a 
body portion 114 positioned between opposing end portions 
(identified individually as a first end portion 116a and a 
second end portion 116b, and referred to collectively as end 
portions 116). The end portions 116 can include openings 
(identified individually as a first opening 118a and a second 
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opening 118b, and referred to collectively as openings 118) 
that allow fluid to enter and exit the filter device 110 (e.g., 
from the passageways 102 shown in FIG.1A). In one embodi 
ment, the first opening 118a can be configured as an inlet 
through which an unfiltered fluid enters the filter device 110. 
and the second opening 118b can be configured as an outlet 
through which the filtered fluid exits the filter device 110. In 
other embodiments, the inlet and the outlet can be reversed. In 
various embodiments, the openings 118 can also be config 
ured to serve as both the inlet and the outlet depending upon 
the direction of fluid flow through the system 100. 

The housing 112 can be made from a polymer material, a 
transmissive material (e.g., glass), and/or other Suitable fil 
tration housing materials. In various embodiments, the hous 
ing 112 can be a single integrated structure or unit. For 
example, the housing 112 can be made by compression mold 
ing polymer particles (e.g., polyfin particles made from 
recycled fluid containers) to form the housing 112. In other 
embodiments, the housing 112 can be made by injection 
molding, extrusion, pultrusion, injection blow molding, ther 
moforming, or otherwise forming two or more pieces of the 
housing 112, and Subsequently joining the pieces together by 
gluing, welding, and/or using Suitable fastening methods 
known in the art. 

Referring to FIG. 1C, the filter device 110 can further 
include an insulated conductor coil 120 (e.g., a Solenoid) 
positioned proximate (e.g., in or around) an outer Surface of 
the housing 112. In the illustrated embodiment, the coil 120 
extends along the length of the body portion 114. However, in 
other embodiments the coil 120 can be positioned along 
shorter or longer portions of the body portion 114 and/or on 
other portions of the filter device 110. The coil 120 can be 
formed around a metallic core (e.g., an iron alloy core) and 
configured to carry an electric current such that the coil 120 
forms an electromagnetic field across at least a portion of the 
filter device 110. 
As further shown in FIG. 1C, the filter device 110 can also 

include magnetic plates (identified individually as a first mag 
netic plate 122a and a second magnetic plate 122b, and 
referred to collectively as magnetic plates 122) positioned 
proximate the opposing end portions 116 of the housing 112. 
FIG. 1D is an enlarged isometric view of one of the magnetic 
plates 122. In the illustrated embodiment, the magnetic plate 
122 includes a matrix of openings, apertures, or holes 124 
across the face of the magnetic plate 122 and a plurality of 
magnets 126 positioned in selected holes 124. The magnetic 
plate 122 itself can also be made from magnetic materials 
with properties Such as ferromagnetism, antiferromagnetism, 
paramagnetism, or diamagnetism, in response to a magnetic 
field, and/or may be made from nonmagnetic materials (e.g., 
ceramics, glass or plastics) that can Support the magnets 126. 
The magnets 126 of the first magnetic plate 122a can interact 
with the magnets 126 of the second magnetic plate 122b to 
form various magnetic fields such as along the length of the 
body portion 116. The positions and pole orientations of the 
magnets 126 in the holes 124 can be selected to alter the force 
and/or direction of the magnetic field between the magnetic 
plates 122. 
The magnets 126 and/or proximate materials can be made 

from ferromagnetic materials, paramagnetic materials, and/ 
or other magnetic materials. Some ferromagnetic materials, 
known to those in the art as “hard iron materials, retain 
magnetization in the absence of an applied magnetic field, 
whereas paramagnetic materials, known as “soft iron mate 
rials, are only magnetic in the presence of an externally 
applied magnetic field. For example, the magnetic field pro 
duced by the coil 120 can also magnetize any paramagnetic 
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4 
magnetic materials positioned on or in the fields of magnetic 
plates 122. In various embodiments, the ratio of ferromag 
netic to paramagnetic materials can be manipulated to alter 
the strength and/or location of the magnetic field produced by 
the magnetic plates 122. The magnetic field produced by the 
magnetic plates 122 can also be changed by manipulating the 
positions and orientations of the magnets 126. For example, 
changing the orientation of the magnets 126 (e.g., rotating the 
magnets 126) can reorient or reverse the direction of the 
magnetic field. 

In operation, a ferrofluid can be introduced into the filter 
device 110 via one of the openings 118. The magnetic field 
induced by the coil 120 and concentrated or generated by the 
magnetic plates 122 can interact with the ferrofluid (e.g., Such 
that the ferrofluid assumes a structure under the magnetic 
field) to drive it through the filter device 110. In instances 
where the fluid being filtered is not inherently a ferrofluid 
(e.g., water, alcohol, glycerin, etc.), the fluid can be pre 
treated and loaded with ferromagnetic or iron particles Such 
that it takes on the properties of a ferrofluid and can be used 
with the filter device 110. In various aspects of the technol 
ogy, the magnetic fields provided by the coil 120 and/or the 
magnetic plates 122 can be manipulated (e.g., by changing 
the current magnitude or direction, frequency of application, 
and/or orientation of the magnets 126 in the magnetic plates 
122) to alter the flow rate of the ferrofluid through the filter 
device 110. The magnetic fields can therefore provide flow 
impetus or valving (“magnetic valving”) for system 100. The 
magnetic fields can also be manipulated to change properties 
or characteristics (e.g., viscosity) of the ferrofluid being fil 
tered, and therefore can change the substances filtered from 
the ferrofluid. Accordingly, the magnetic fields created by the 
filter device 110 can be used both to treat the fluid and drive 
filtration (i.e., load and unload the filter device 110 with the 
ferrofluid). 

In various aspects of the present technology, the filter 
device 110 can be manipulated to control the size of the 
precipitate (i.e., the filtered substance). For example, the 
dwell time of the fluid can be changed by manipulating the 
magnetic plates 122 to slow the flow rate of the fluid through 
the filter device 110. Additionally, the temperature, pressure, 
and/or other characteristics of the filter device 110 can be 
modified to create a certain collection or precipitate size. In 
selected embodiments, for example, carbonyls can be used 
generate iron of a specific particle size and shape. 

Referring back to FIG. 1C, the filter device 110 can have a 
cavity 128 that includes and/or is loaded with a filter media 
150 through which the ferrofluid is filtered. The filter media 
150 can be introduced into the cavity 128 before filtration 
and/or during filtration (e.g., in conjunction with the ferrof 
luid). For example, the cavity 128 can be pre-loaded with 
graphene, activated carbon, boron, spinel, Zeolite, and/or 
other suitable filtration substances. In various embodiments, 
the cavity 128 can be loaded with an architectural construct. 
Architectural constructs are synthetic matrix characteriza 
tions of crystals that are primarily comprised of graphene, 
graphite, boron nitride, and/or another suitable crystal or 
constituent. The configuration and the treatment of these 
crystals heavily influences the properties that the architec 
tural construct will exhibit when it experiences certain con 
ditions. For example, architectural constructs can be manipu 
lated to obtain the requisite geometry, orientation, and Surface 
tension to load (e.g., adsorb) almost any element or soluble 
Substance. Accordingly, the architectural construct can be 
configured to load a predetermined substance (e.g., Sulfur or 
a compound containing Sulfur Such as iron or hydrogen Sul 
fide) introduced into the cavity 128 in a non-fixed state, and 



US 8,617,399 B2 
5 

selectively filter and/or chemically bind (e.g. form a com 
pound or otherwise reside on or within the surface of ferro 
magnetic particles) to isolate the predetermined Substance 
and remove it from the fluid. In other embodiments, the 
architectural construct can be introduced into the system as 
the fluid enters the filter device 110. Additional features and 
characteristics of architectural constructs are described in 
U.S. patent application Ser. No. 13/027,214, filed Feb. 14, 
2011,now U.S. Patent Publication Number 2011/0206915A1 
and entitled “ARCHITECTURAL CONSTRUCT HAVING 
FOR EXAMPLE A PLURALITY OF ARCHITECTURAL 
CRYSTALS”; U.S. patent application Ser. No. 13/584,658, 
filed concurrently herewith, now U.S. Patent Publication 
Number 2013/0101808 A1 and entitled ARCHITEC 
TURAL CONSTRUCT HAVING A PLURALITY OF 
IMPLEMENTATIONS'; and U.S. patent application Ser. 
No. 13/584,644, filed concurrently herewith, now U.S. Patent 
Publication Number 2013/0064979 A1 and entitled “METH 
ODS FOR MANUFACTURING ARCHITECTURAL CON 
STRUCTRUCTS, each of which is incorporated herein by 
reference in its entirety. 

In other embodiments, an architectural construct can be 
configured as a Substrate made from a sorption media that 
comprises parallel layers of a sorption material spaced apart 
from one another by a certain distance or varying distances. A 
Substance can be presented at an edge of the Substrate where 
the Sorption media provides access to Zones between layers of 
the sorption material. Heat may be transferred away from the 
Sorption media to facilitate and/or cause the sorption media to 
load (i.e. absorb and/or adsorb) molecules of the substance 
into the Sorption media. In other embodiments, a Voltage of a 
first polarity may be applied to the sorption media to facilitate 
and/or cause the sorption media to load molecules of the 
Substance. In further embodiments, a pressure experienced by 
the sorption media may be increased to facilitate and/or cause 
the sorption media to load molecules of the substance. The 
Sorption media can also include Surface structures that load 
the Substance and/or catalysts that facilitate the loading of a 
Substance into the sorption media. A Substance can be 
unloaded from the sorption media by transferring heat to the 
Sorption media, applying a Voltage of an opposite polarity 
than the first polarity to the sorption media, and/or by reduc 
ing a pressure experienced by the Sorption media. Additional 
features and ways of manipulating architectural constructs 
with sorption substrates are described in U.S. patent applica 
tion Ser. No. 12/857,515, filed Aug. 16, 2010, now issued as 
U.S. Pat. No. 8,147,599, B2 and entitled “APPARATUSES 
AND METHODS FOR STORING AND/OR FILTERINGA 
SUBSTANCE, which is incorporated herein by reference in 
its entirety. 

In certain embodiments, the filter device 110 can use the 
filter media 150 (e.g., an architectural construct) to filter 
Sulfur from a fluid (e.g., natural gas). The architectural con 
struct can first be loaded with iron, iron carbide, various 
compounds of halogens and iron, and/or other Substances or 
elements that have an affinity to sulfur, and then introduced 
into the filter device 110 (before or during filtration). When 
the sulfur-laden fluid flows through the loaded architectural 
construct, the sulfur separates from the fluid to join with the 
iron to form iron sulfide. 
The architectural constructs and/or other filter media 150 

in the cavity 128 can be configured to selectively remove 
substances from the ferrofluid as it passes through the filter 
device 110. For example, an architectural construct can be 
configured to remove Sulfur from natural gas or renewable 
fuels. The magnetic fields generated by the magnetic plates 
122 and the coil 120 can drive the ferrofluid through the cavity 
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128 and, in various embodiments, change the characteristics 
of the ferrofluid such that certain substances are allowed to 
pass through the cavity while others are trapped by the filter 
media 150. Accordingly, the filter device 110 allows for 
numerous variables (e.g., strength and direction of magnetic 
field, configuration of filter media 150, etc.) to be manipu 
lated such that a wide variety of substances can be filtered 
from the ferrofluids, and is therefore highly adaptable to 
various systems. When the filter media 150 becomes 
exhausted (e.g., fully loaded), the filtered substance can be 
removed from the filter device 110. For example, if the filter 
media 150 is loaded with alcohol, water can be flushed 
through the filter device 110 to unload the alcohol. In other 
embodiments, the filter media 150 can be flushed with other 
fluids to remove the loaded substance, or the loaded filter 
media 150 can be disposed and replaced with a new filter 
media. In various embodiments, the loaded substance can be 
harvested from the filter media 150. 
The filter device 110 can also be used to harvest various 

Substances, such as copper. For example, a copper-rich fluid 
can be collected in a reservoir, and iron can be added to the 
copper fluid to transform it into a ferrofluid that can be intro 
duced into the filter device 110. As the iron-infused copper 
fluid flows through the filter device, the iron is affected by the 
applied magnetic field while the copper is not. This separates 
the iron from the copper, and allows the copper to exit the 
filter device 110 and be harvested in its pure state. 

In various aspects of the present technology, the filter 
device 110 can also be used in conjunction with sensor sys 
tems. For example, the filter device 110 can electively filter a 
substance from a fluid, measure the level of that substance 
with respect to the fluid, and indicate when the level of the 
substance is above a predetermined threshold. In one embodi 
ment, the filter device 110 can be positioned proximate a 
fitting in a pipeline to sensor and/or predict when a leak 
occurs. For example, the filter device 110 can be used in 
conjunction with the sensor systems described in U.S. patent 
application Ser. No. 12/806,634, filed Aug. 16, 2010, now 
issued as U.S. Pat. No. 8,441,361 B2 entitled"METHODS 
AND APPARATUSES FOR DETECTION OF PROPER 
TIES OF FLUID CONVEYANCE SYSTEMS, which is 
incorporated herein by reference in its entirety. 

In various embodiments, one or both of the end portions 
116 of the housing 112 can include fluid distribution channels 
(e.g., staggered spiral-shaped channels) that spread the fluid 
evenly across the magnetic plates 122 and through the cavity 
128. This reduces overuse of the filter media 150 at the center 
portion of the cavity 128 and increases the surface area of the 
filter media 150 that participates in the filtration process. In 
Some embodiments, the fluid distribution channels can also 
include a filter media to provide additional filtration to the 
system 100. For example, the distribution channels can be 
made from a spiraled filter media described in U.S. patent 
application Ser. No. 13/584,790, filed concurrently herewith, 
and entitled FLUID DISTRIBUTION FILTERS HAVING 
SPIRAL FILTER MEDIA AND ASSOCIATED SYSTEMS 
AND METHODS”, which is incorporated by reference 
herein in its entirety. In other embodiments, the body portion 
114 of the housing 112 can include the fluid distribution 
channels to distribute fluid across and enhance the flow 
through the cavity 128. 

FIG. 2 is an isometric view of a dynamic filtration system 
(“system 200') configured in accordance with another 
embodiment of the present technology. Several features of the 
system 200 are generally similar to the features of the system 
100 described above with reference to FIGS 1A-1D. For 
example, the system 200 includes the filter device 110 that 
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uses magnetic fields to filter ferrofluids and/or substances 
presented by actions of ferrofluids. Additionally, as shown in 
FIG. 2, the system 200 includes a reservoir 230 connected to 
the filter device 110 via the passageway 102. In various 
embodiments, the reservoir 230 can capture and store an 
unfiltered fluid until it is ready for filtration. When the unfil 
tered fluid is not inherently a ferrofluid, the reservoir 230 can 
be used as a basin to magnetically infuse the fluid. For 
example, the fluid in the reservoir 230 can be loaded with an 
architectural construct having various specializations such as 
an iron edge, or certain spacing between iron edges, or other 
characteristics. In other embodiments, the direction of flow 
through the filter device 110 may be reversed such that puri 
fied or filtered fluids are captured and stored in the reservoir 
230 for later use. 

FIGS. 3A and 3B are partially transparent isometric views 
of a filter device 310 configured in accordance with another 
embodiment of the present technology. The filter device 310 
includes features generally similar to the features of the filter 
device 110 described above with reference to FIGS 1A-2. For 
example, the filter device 310 includes magnetic plates 122 
positioned in the opposing end portions 116 of the housing 
112 and the coil 120 around the housing 112. As shown in 
FIG. 3A, the filter device 310 further includes a heat 
exchanger 332 wrapped around and/or otherwise positioned 
on the housing 112 such that the heat exchanger 332 can 
transfer heat to or remove heat from the filter device 310. In 
various embodiments, the heat exchanger 332 may transfer 
heat to the filter device 310 to facilitate reactions during 
filtration. In other embodiments, the heat exchanger 332 can 
remove excess heat from exothermic processes that occur 
during filtration. For example, excess heat is typically pro 
duced during the filtration of Sour gas (i.e., natural gas con 
taining significant amounts of H2S) when the Sulfur reacts 
with iron (e.g., introduced via an architectural construct tai 
lored with iron edge characteristics) to form iron sulfide. In 
other embodiments, the filter device 310 can include other 
heat transfer devices known in theart to transfer heat to and/or 
from the filter device 310. 

Referring to FIG. 3B, the filter device 310 can further 
include a separator 334 that runs along the length of the body 
portion 114 of the housing 112 to form two filtration chan 
nels. The filtration channels can be configured to run in par 
allel, while removing different contaminants from the incom 
ing fluid. For example, the two or more filtration channels 
shown in FIG. 3B can be loaded with different filter media 
and/or the magnets 126 in the magnetic plates 122 can be 
configured differently on either side of the separator 334 to 
remove different substances from the fluid. In other embodi 
ments, the filter device 310 can include additional separators 
334 to create more filtration channels and/or the separator(s) 
334 can extend a greater length through the entire housing 
112. The separator 334 can be made from a nonporous mem 
brane, a polymer material, glass, and/or other Suitable mate 
rials that form a barricade or divider for certain substances 
between filtration channels. 
As further shown in FIG.3B, in various embodiments, the 

filter device 310 can include another heat exchanger 336 
positioned on the separator 334. This inner heat exchanger 
336 may be particularly beneficial where the separator 334 
allows for two separate filtration cycles and thus potentially 
two different reactions that require heat transfer. In other 
embodiments, different heat transfer mechanisms known in 
the art can be positioned within the housing 112 to add or 
remove heat from the filter device 310. 

FIGS. 4A and 4B are partially transparent isometric views 
of a filter device 410 configured in accordance with a further 
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8 
embodiment of the present technology. The filter device 410 
includes features generally similar to the features of the filter 
device 110 described above with reference to FIGS 1A-1D. 
However, as shown in FIG. 4B, the filter device 410 includes 
a third magnetic plate 122c positioned transversely across the 
housing 112, thereby separating the body portion 114 into a 
first cavity 428a and a second cavity 428b. This configuration 
allows the first cavity 428a to be loaded with a different filter 
media than the second cavity 428b such that different sub 
stances are removed from the fluid as it flows through the 
different cavities 428. In selected embodiments, the third 
magnetic plate 122c can be configured to form different mag 
netic fields in the first and second cavities 428a and 428b, and 
thus alter their filtration properties (e.g., flow speed, charac 
teristics of the ferrofluid, removal of substances from the 
fluid, etc.). In other embodiments, the filter device 410 can 
include additional magnetic plates 122 to form additional 
cavities 428, and can accordingly filter fluids in series through 
a plurality of filtration stages corresponding to each of the 
cavities 428. 

FIG. 5 is an isometric view of a dynamic filtration system 
500 (“system 500') including a plurality of filter devices 110 
arranged in parallel with one another in accordance with an 
embodiment of the present technology. The system 500 can 
receive a fluid through an inlet 538, and the passageways 102 
can deliver the fluid to the filter devices 110. In various 
embodiments, the valves 104 can be used to direct the fluid to 
selected fluid devices 110 in various series, parallel or series 
parallel permutations. For example, during a filtration pro 
cess, the filter devices 110 may be in various stages of loading 
and/or unloading a contaminant from the fluid. The system 
500 can use the valves 104 to direct the fluid toward the filter 
devices 110 in the loading stage, while allowing the filter 
devices 110 in the unloading stage to remove the contaminant 
and recharge (e.g., load with a tailored architectural con 
struct). After filtration, the fluid can exit the system 500 via an 
outlet 540 opposite the inlet 538. 

In selected embodiments, the filter devices 110 can be 
configured to remove different contaminants from the fluid. 
For example, one of the filter devices 110 can be configured to 
remove sulfur and another filter device 110 can be configured 
to remove copper. The resultant purified fluid streams, there 
fore, each have different properties (e.g., a low sulfur fluid 
and a low copper fluid). The system 500 can therefore include 
a plurality of outlets to separately capture the different puri 
fied fluid streams. 

FIG. 6 is an isometric view of a dynamic filtration system 
600 (“system 600') configured in accordance with another 
embodiment of the present technology. The system 600 
includes a plurality of the filter devices 310 described above 
with reference to FIGS. 3A and 3B. The filter devices are 
coupled together in series rather than in parallel (e.g., as 
shown in FIG. 5). In various embodiments, each filter device 
310 can be configured to remove a different substance from a 
fluid such that the different substances are sequentially 
removed as the fluid passes through each filter device 310 and 
the fluid becomes increasingly purified as it moves through 
the serially coupled filter devices 310. In other embodiments, 
the filter devices 310 are configured to remove the same 
substance from the fluid. This increases the dwell time of the 
fluid in the filter devices 310, and therefore enhances filtra 
tion. As further shown in FIG. 6, the system 600 can also 
include inlet and outlet passageways 102 Surrounding indi 
vidual filter devices 310 to allow a fluid to be injected or 
removed from the system 600 at various points in the series. 

FIG. 7 is a partially transparent isometric view of a 
dynamic filtration system 700 (“system 700') configured in 
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accordance with a further embodiment of the present tech 
nology. As shown in FIG. 7, the system 700 can include a 
plurality of filter devices 110 positioned on a manifold 742. 
The manifold 742 can include an opening 744 that is in fluid 
communication with the openings 118 of the individual filter 
devices 110. The manifold 742 can therefore form a junction 
between the plurality of filter devices 110 to either deliver 
fluid to the separate filter devices 110 or funnel fluid from the 
filter devices 110 (depending the direction of fluid flow 
through the system 700). For example, in one embodiment, 
the opening 744 of the manifold 742 is configured as an inlet 
such that fluid flows into the manifold 742 and divides into the 
individual filter devices 110. The filter devices 110 can be 
configured to remove the same or different contaminants 
from the fluid. In various embodiments, the manifold 742 can 
further include fluid distribution channels that direct the fluid 
substantially evenly into the filter devices 110 and, optionally, 
pre-filter the fluid before it enters the filter devices 110 (e.g., 
as described in U.S. patent application Ser. No. 13/584,790, 
entitled FLUID DISTRIBUTION FILTER HAVING SPI 
RAL FILTER MEDIA AND ASSOCIATED METHODS 
AND SYSTEMS, and incorporated by reference above). In 
other embodiments, the opening 744 of the manifold 742 is 
configured as an outlet that collects the filtered fluid from the 
filter devices 110. 

From the foregoing, it will be appreciated that specific 
embodiments of the technology have been described herein 
for purposes of illustration, but that various modifications 
may be made without deviating from the disclosure. For 
example, the filter devices shown in the Figures are cylindri 
cal with dome-shaped end portions. However, in other 
embodiments, the filter devices can have a variety of other 
shapes (e.g., cones, rectangular prisms, cubes, spheres etc.). 
aspect ratios, and must not necessarily be symmetrical about 
the end portions. Certain aspects of the new technology 
described in the context of particular embodiments may be 
combined or eliminated in other embodiments. For example, 
any one of the filter devices described above can be used in 
conjunction with any of the dynamic filtration systems. Addi 
tionally, the dynamic filtration systems shown in the Figures 
can be combined with one another to form an integrated 
filtration system. Moreover, while advantages associated 
with certain embodiments of the new technology have been 
described in the context of those embodiments, other embodi 
ments may also exhibit such advantages, and not all embodi 
ments need necessarily exhibit such advantages to fall within 
the scope of the technology. Accordingly, the disclosure and 
associated technology can encompass other embodiments not 
expressly shown or described herein. 

Features of the various embodiments described above can 
be combined to provide further embodiments. All of the U.S. 
patents, U.S. patent application publications, U.S. patent 
applications, foreign patents, foreign patent applications and 
non-patent publications referred to in this specification and/or 
listed in the Application Data Sheet are incorporated herein 
by reference, in their entirety. Aspects of the disclosure can be 
modified, if necessary, to employ architectural constructs 
with various configurations, and concepts of the various pat 
ents, applications, and publications to provide yet further 
embodiments of the disclosure. 

These and other changes can be made to the disclosure in 
light of the above-detailed description. In general, in the 
following claims, the terms used should not be construed to 
limit the disclosure to the specific embodiments disclosed in 
the specification and the claims, but should be construed to 
include all systems and methods that operate in accordance 
with the claims. Accordingly, the invention is not limited by 
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10 
the disclosure, but instead its scope is to be determined 
broadly by the following claims. 

I claim: 
1. A filtration system, comprising: 
an inlet; 
an outlet; and 
a filter device between the inlet and the outlet, wherein the 

filter device comprises— 
means for inducing an electromagnetic field across the 

filter device, 
means for generating a permanent magnetic field across 

the filter device, wherein the electromagnetic field 
and the permanent magnetic field are configured to 
drive filtration of ferrofluids, and 

a filter media loaded within the filter device and config 
ured to remove substances from ferrofluids. 

2. The filtration system of claim 1 wherein the filter device 
further comprises: 

a housing having a body portion between a first end portion 
and a second end portion; 

a first magnetic plate at the first end portion; and 
a second magnetic plate at the second end portion, wherein 

the first and second magnetic plates are configured to 
generate the permanent magnetic field across the body 
portion of the housing. 

3. The filtration system of claim 1 wherein the filter device 
further comprises: 

a housing having a body portion between a first end portion 
and a second end portion; 

a coil at the body portion and configured to induce the 
electromagnetic field across the body portion. 

4. The filtration system of claim 1 wherein the filter device 
comprises a plurality of magnetic plates, each magnetic plate 
having a plurality of openings and magnets arranged in 
selected openings to generate the permanent magnetic field. 

5. The filtration system of claim 1 wherein the filter device 
further comprises aheat exchanger configured to transfer heat 
to ferrofluids to initiate chemical reactions during filtration. 

6. The filtration system of claim 1 wherein the filter device 
further comprises a heat exchanger configured to remove 
excess heat from exothermic processes that occur during fil 
tration of ferrofluids. 

7. The filtration system of claim 1 wherein: 
the filter device is one of a plurality offilter devices fluidly 

coupled in parallel across the inlet, the individual filter 
devices having a loading stage in which the filter media 
removes substances from the ferrofluid and an unload 
ing stage in which the Substance are removed from the 
filter media; and 

the filtration system further comprises a plurality of valves 
corresponding to the plurality of filter devices, wherein 
the valves are configured to impede fluid flow through 
the filter devices in the unloading stage and direct fluid 
flow through the filter devices in the loading stage. 

8. The filtration system of claim 1 wherein the filter device 
is one of a plurality of filter devices fluidly coupled in series 
between the inlet and the outlet. 

9. The filtration system of claim 8 wherein: 
the plurality of filter devices includes at least a first filter 

device and a second filter device; 
the first filter device removes a first substance from the 

ferrofluid; and 
the second filter device removes a second substance from 

the ferrofluid, the first substance being different from the 
second Substance. 

10. The filtration system of claim 1 wherein: 
the filter device is one of a plurality of filter devices; and 



US 8,617,399 B2 
11 

the filtration system further comprises a manifold fluidly 
coupled to the plurality of filter devices via the inlet, 
wherein the manifold is configured to distribute ferrof 
luids across the filter devices. 

11. The filtration system of claim 1 wherein: 
the filter device is one of a plurality of filter devices; and 
the filtration system further comprises a manifold fluidly 

coupled to the plurality of filter devices via the outlet, 
wherein the manifold is configured to collect filtered 
fluids from the filter devices. 

12. The filtration system of claim 1 wherein the filter media 
comprises an architectural construct configured to selectively 
remove at least one substance from the ferrofluid. 

13. A filter device, comprising: 
a housing having a body portion between a first end portion 

and a second end portion, the first end portion having a 
first opening, the second end portion having a second 
opening, and the body portion defining a cavity between 
the openings; 

a filter media in the cavity and configured to filter a prede 
termined substance from a ferrofluid; 

a coil at the body portion and configured to generate a first 
magnetic field across the body portion; 

a first magnetic plate proximate the first end portion; and 
a second magnetic plate proximate the second end portion, 

wherein the first and second magnetic plates interact to 
form a second magnetic field across the body portion, 
and wherein the first and second magnetic fields are 
configured to drive filtration of the ferrofluid. 

14. The filter device of claim 13 wherein the first and 
second magnetic plates each include a plurality of openings 
and a plurality of magnets selectively arranged in the open 
1ngS. 

15. The filter device of claim 13 wherein the first and 
second magnetic plates include paramagnetic materials that 
form the second magnetic field, and wherein the first mag 
netic field is configured to magnetize the paramagnetic mate 
rials to form the second magnetic field. 

16. The filter device of claim 13 wherein the filter media 
includes at least one of grapheme, boron, spinel, Zeolite, and 
an architectural construct. 

17. The filter device of claim 13 wherein the filter media 
includes a Substrate comprising an architectural construct. 

18. The filter device of claim 13, further comprising a heat 
exchanger at the body portion of the housing. 

19. The filter device of claim 13, further comprising a 
separator extending through the cavity to define at least two 
filtration channels between the first and second magnetic 
plates. 

20. The filter device of claim 19, further comprising a heat 
exchanger at the separator. 
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21. The filter device of claim 13, further comprising a third 

magnetic plate positioned transversely across the body por 
tion between the first and second magnetic plates, wherein the 
third magnetic plate separates the cavity into a first cavity 
between the first and third magnetic plates and a second 
cavity between the third and second magnetic plates, and 
wherein the filter device is configured to remove a first sub 
stance from the ferrofluid in the first cavity and a second 
substance from the ferrofluid in the second cavity. 

22. A method of filtering fluids, wherein the method com 
prises: 

receiving a fluid through an inlet of a filter device; 
applying a first magnetic field across a body portion the 

filter device, wherein the first magnetic field is an elec 
tromagnetic field; 

applying a second magnetic field across the body portion of 
the filter device, wherein the second magnetic field is 
generated by at least two magnetic plates; 

filtering a substance from the fluid, wherein the fluid is a 
ferrofluid at the body portion; and 

dispelling a filtered fluid through an outlet of the filter 
device. 

23. The method of claim 22 wherein the magnetic plates 
include a plurality of openings, and wherein the method fur 
ther comprises: 

selectively positioning magnets in the openings of the mag 
netic plates to drive the ferrofluid through the filter 
device at a predetermined flow rate. 

24. The method of claim 22, further comprising manipu 
lating at least one of the first and second magnetic fields to 
change a dwell time of the ferrofluid in the filter device. 

25. The method of claim 22, further comprising selecting 
the first and second magnetic fields to change physical prop 
erties of the ferrofluid. 

26. The method of claim 22, further comprising pre-treat 
ing the fluid with ferromagnetic material before the fluid 
passes through the inlet. 

27. The method of claim 22 wherein filtering the substance 
comprises driving the fluid through an architectural construct 
in the body portion. 

28. The method of claim 22 wherein: 
receiving the fluid through the inlet comprises positioning 

an architectural construct with iron edge characteristics 
in the body portion of the filter device and removing 
Sulfur from the sour gas via an iron Sulfide chemical 
interaction; 

filtering the substance from the fluid comprises filtering 
Sulfur from the Sour gas. 

k k k k k 


